is a female heterogeneous endocrine disorder affecting approximately 6-18% of all women of reproductive age.
A B S T R AC T
Objectives: Polycystic ovary syndrome (PCOS) is a common endocrine disorder related to several metabolic consequences. However, there remains uncertainty regarding the metabolic features of various phenotypes. The aim of this study was to explore the relationship between the prevalence of gestational diabetes mellitus (Gdm) and metabolic disorders among the four different phenotypes of PCOS. Methods: a crosssectional study was performed in Royan Institute including 208 pregnant women with a history of infertility and PCOS. Using the diagnostic criteria of the american diabetes association (ada), pregnant women with a documented diagnoses of PCOS were further categorized into four different phenotypes (a, B, C, and d) as defined by the Rotterdam criteria. Results: The prevalence of Gdm failed to demonstrate a significant relationship among the four phenotypes of PCOS. The mean levels of fasting blood sugar, plasma glucose concentrations at three hours (following the 100 g oral glucose tolerance test) and triglyceride levels were significantly higher in phenotype B compared to the remaining phenotypes (p < 0.050). There was a statistically significant difference between the mean free testosterone level and phenotypes a and C groups (1.8±1.6 vs. 1.1±1.0, p = 0.003). Conclusions: Women with a known diagnosis of PCOS who exhibited oligo/ anovulation and hyperandrogenism demonstrated an increase of metabolic disorders. These results suggest that metabolic screening, before conception or in the early stages of pregnancy, can be beneficial particularly in women with PCOS phenotypes a and B. early screening and identification may justify enhanced maternal fetal surveillance to improve maternal and fetal morbidity among women affected with PCOS. and increased metabolic risk and increased androgen levels. 10, 11 Zhao et al, 12 established a range of metabolic and biomedical variations among women with different phenotypes of PCOS compared to healthy control group. These findings demonstrated elevated highdensity lipoprotein (Hdl) level in phenotypes a, B and C groups in comparison with that of women unaffected in the control group. The total cholesterol level also increased considerably between phenotype a and d groups compared to the control group.
Reduced insulin sensitivity and impaired β-cell function during pregnancy predispose women with PCOS to glucose intolerance increasing the risk of Gdm. 3 Previous research has established that the incidence of Gdm is higher among women diagnosed with PCOS than those without. 3, 13 Several elements of diagnostic criteria have been suggested to confirm a diagnosis of PCOS. The original definition of PCOS, proposed by the european Society for Human Reproductive and embryology and the american Society for Reproductive medicine, required at least two of three following criteria; oligo or anovulation, increased androgen causing hirsutism, and multiple immature adnexal follicles ultrasound examination. 14 Systematic changes that occur during PCOS cause pathological alterations within metabolic response as well as the changes in ovarian function. 15 However, there is no clear evidence whether these phenotypes have common features of metabolic disorder markers.
14 determination of Gdm prevalence, along with metabolic and endocrine disorders among different PCOS phenotypes is critical as it can employ early screening and identification in high-risk groups.
despite a limited demonstration of the relationship between Gdm and specific phenotyping of PCOS, this cross-sectional study was conducted to explore the potential relationship between the prevalence of Gdm and metabolic disorders among the four phenotypes of PCOS.
M ET H O D S
This cross-sectional quantitative study was performed in a reproductive research center between September 2012 to February 2013. The study received IRB approval from the Institution Review Board and ethics Committee of Royan Institute. The study evaluated 208 pregnant women with a history of infertility and PCOS and no other known etiology of infertility. The sample size was determined based on a formula with a significance level of 0.050 and a power level of 0.540 with an anticipated appropriate size (difference of means/ standard deviation) of 2.5. a diagnosis of PCOS was established based on the presence of at least two Rotterdam criteria.
14 These include oligomenorrhea/amenorrhea, Ha causing hirsutism, acne or androgenic alopecia, and PCO on ultrasound. Informed consent was obtained at the initial visit with additional permission attained to use results anonymously in future studies. exclusion criteria included; maternal age ≥ 40, body mass index (BmI) 35 kg/m 2 , family history of diabetes in first-degree relative, pre-pregnancy type II diabetes mellitus, history of gestational diabetes, history of stillbirth, recurrent miscarriage and birth weight baby ≥ 4.5 kg (macrosomia), parity > 4, diagnosis of Cushing syndrome, congenital adrenal hyperplasia, untreated hypothyroidism, and hyperprolactinemia. Fasting plasma glucose measurements were collected in all participants during the first trimester of pregnancy. according to american diabetes association (ada) criteria (2005), the presence of Gdm was made based on evaluating plasma glucose level using 50 g oral glucose challenge test (OGCT) at 24-28 weeks gestation. Women classified as high-risk (glucose ≥ 7.8 mmol/l or 140 mg/dl) were followed-up with a 100 g 3-hour oral glucose tolerance test (OGTT). When two or more of the 100 g OGTT glucose levels exceeded the ada cut-off values (fasting ≥ 5. Glucose, triglycerides (TG), low-density lipoprotein (ldl) and Hdl were measured by the enzymatic colorimetric method. Insulin was measured using the immunoenzymometric assay. measurement of FSH, lH, prolactin, and testosterone was performed by chemiluminescence immunization. We determined the serum levels of thyroid-stimulating hormone (TSH), 17-hydroxyprogesterone (17-OH), dHea-S, alkaline phosphatase (alP), serum glutamic pyruvic transaminase (SGPT), and serum glutamic oxaloacetic transaminase (SGOT). a transvaginal ultrasound was used to detect PCO defined with 12 or more follicles with a diameter of 2-9 mm in one or both ovaries or ovarian volume higher than 10 cm.
14 maternal hirsutism was defined using the Ferriman and Gallwey tool, with a score of seven or greater reported. 16 The data was statistically analyzed using IBm SPSS Statistics for Windows, version 21 (IBm Corp., armonk, n.y., USa). normality of analyzed variables was determined with KolmogorovSmirnov test. Comparisons among groups were made by one-way analysis of variance (anOva) or Kruskal-Wallis tests for non-normal variables (FBS, GTT). To compare two independent groups, the t-test for independent samples or the mannWhitney U test for non-normal variables was used. Tukey's test was applied for normal variables and dunnett's T3 test for non-normal (free testosterone, TSH) variables to compare means among groups. Chi-square was used to compare nominal variables between groups. The significant level was set at p ≤ 0.050.
R E SU LTS
We evaluated 208 PCOS pregnant patients who conceived with assisted reproductive technology (aRT). The presence of Gdm, along with endocrine and metabolic disorders, was compared among different phenotypes of PCOS. The results indicated that phenotype a (n = 113) was the most common phenotype (54.3%). The prevalence of the other three phenotypes was lower, B (n = 5; 2.4%), C (n = 74; 35.6%), and d (n = 16; 7.7%). The prevalence of Gdm was most common in phenotype a (54.7%), followed by C (32.6%), d (7.4%), and B (5.3%). none of the four PCOS phenotypes showed a statistically significant relationship that influenced the prevalence of Gdm (p = 0.095).
The study population characteristics among different PCOS phenotypes are illustrated in Table 1 . The results did not identify significant differences in maternal age, ethnicity, education level, employment status, prepregnancy BmI, systolic and diastolic blood pressure, primary/secondary infertility, parity, age at menarche, or type of infertility treatment among the four different PCOS phenotypes (p > 0.050).
There was no statistically significant difference among various phenotypes regarding prepregnancy laboratory test; cholesterol, ldl-C, Hdl-C, SGOT, SGPT, alP, fasting insulin, lH, FSH, lH/FSH, TSH, 17-OH progesterone, dHea-S (p > 0.050). The mean FBS was higher in phenotype B in comparison to that of the PCOS phenotypes a, C, or d (100.0±4.84, p < 0.001). The man-Whitney U test results showed a statistical difference in the mean level of FBS when compared between groups (phenotypes a and B (p = 0.002), phenotypes a and d (p = 0.015), phenotypes B and C (p < 0.001)). The results of man-Whitney test showed that the mean plasma glucose concentrations at 3-hour OGTT was significantly higher in phenotype B in comparison to phenotype a and C groups (p = 0.002 and p = 0.008, respectively).
according to the results of dunnett's T3 test, there was a statistically significant difference in the mean level of free testosterone between phenotype a and C groups (1.8±1.6 vs. Table 2 ].
D I S C U S S I O N
This study concurs with previous research that suggests phenotype a is the most prevalent PCOS phenotype compared to types B, C, and d. [17] [18] [19] Our findings also suggest that women diagnosed with PCOS phenotype a demonstrated higher circulating free testosterone than women with PCOS phenotype C. These findings align with findings of Panidis et al, 19 who determined that circulating androgens were higher in normal weight PCOS women with phenotype a than women with phenotype B. Of the literature we identified, some previous studies have not detected differences in circulating androgens between four phenotypes. 17, 18, 20 One study reported that serum testosterone concentrations and insulin resistance were highest in PCOS women with phenotype a and B, intermediate in cases with phenotype C, and lowest in cases with phenotype d. 21 neves et al, 22 examined the correlation between phenotypes of PCOS and metabolic syndrome. Their results showed metabolic syndrome prevalence in patients with PCOS was 21% and was observed in phenotypes a and B which rose to 71% in phenotype B and 67.4% in phenotype a contaminate with an increase in BmI.
moreover, previous studies showed that the prevalence of metabolic disorder was highest in phenotype B among all PCOS phenotypes.
23-25 a common hypothesis that has been proposed is that various PCOS phenotypes may exhibit differing levels of insulin resistance. 26 If this hypothesis is confirmed, PCOS patients should be screened and treated differently according to their unique type of PCOS phenotype for the metabolic dysfunction. 27 Insulin resistance is a common sequela of PCOS. 28 Several studies detected that while insulin resistance was a common feature of PCOS, there was no difference between PCOS phenotypes and degree of insulin resistance. 4, 19, 29 The HOma calculation, used as an index of insulin sensitivity, showed that there was no difference between PCOS phenotypes in terms of insulin sensitivity. However, Zhang et al, 21 detected that the three phenotypes with higher levels of testosterone (a, B, and C) demonstrated higher insulin resistance in comparison to phenotype d and that of the control group. another study suggested that only phenotype B (aO+HO) demonstrated higher insulin resistance. 30 In contrast to our findings, Ghuszak et al, 4 showed that the highest HOma-B level was found in the phenotypes B and d compared to phenotypes a and C. These results might be associated with the obesity prevalence in this population. The difference detected here between our studies, and previous studies may be related to environmental factors and genetic variation among various ethnic populations investigated in different studies. 30 Our results indicated no significant differences in total cholesterol, ldl, and Hdl cholesterol among the four PCOS phenotypes. However, TG levels Zhang et al, 21 identified that levels of TGs and ldl were significantly higher between PCOS phenotype B and the control group. yilmaz et al, 33 showed that serum cholesterol and ldl concentrations were the highest in women with phenotype a. Furthermore, they found that TG concentrations were significantly higher in phenotypes a and B than in the control group. Chae et al, 34 reported no significant difference among PCOS subgroups in terms of serum cholesterol and Hdl concentrations. according to our study the lH/FSH ratio was similar in all phenotypes; in contrast to Zhang et al, 21 reported this ratio highest in women diagnosed with PCOS phenotype d. Zhao et al, 12 showed that the incidence of adverse biochemical and metabolic changes were higher in PCOS phenotype a than other phenotypes. In addition, lH level and lH/ FSH ratio was much higher in PCOS phenotype a compared to other phenotypes.
There are several limitations noted in this study. The inclusion criteria only compared the prevalence of Gdm and metabolic disorder between different PCOS phenotypes in women with matched BmI. additionally, this research addressed only the prevalence of Gdm and metabolic disorders among PCOS women without the comparison of a control group. To address this, future studies to compare the prevalence of these disorders among PCOS phenotypes a, B, C, and d compared to unaffected women as a control group will be necessary. This is the first study of this type that has been conducted in Iran to date. Therefore, it provides valuable information that can be used as a foundation for future and reproductive investigations.
C O N C LU S I O N S
Iranian women with PCOS phenotype a and B have higher risk for metabolic disorders compared to those women with PCOS that demonstrate other phenotypes. Performing endocrine and metabolic screening and diagnostic tests for pregnant women with PCOS, particularly phenotype a and B, before or within the first trimester of pregnancy, could identify complications earlier. This enhanced maternal fetal surveillance may improve maternal and fetal morbidity among pregnant women affected with PCOS. In addition, the identification of these women can guide future initiatives in primary care that may decrease the likelihood of longterm complications of PCOS such as metabolic syndrome, hypertension, and cardiovascular disease. Patient education efforts, related to diet, lifestyle management and primary health care screenings can positively impact the long-term health of this generation of mothers.
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